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BRAIN ACTIVATION RELATED TO FEAR-ASSOCIATED  
LEARNING DURING EARLY POST-TRAUMA PERIOD 
MACIEJ WALKOSZ 
ABSTRACT 
Pain and traumatic stress symptoms occur immediately after injury caused by a 
traumatic event, severities of acute symptoms are associated with risk of development of 
post-traumatic stress disorder (PTSD) and chronic pain following injury. Deficits in fear-
associated learning may contribute to the development of these disorders. A fear associated 
learning task (FALT) has revealed altered brain activations in patients with PTSD and 
chronic pain; however, FALT brain activations have not been studied in the early post-
trauma period. This study examined FALT brain activation within weeks after traumatic 
injury to investigate this issue. 
 
Within 2 weeks after a traumatic injury, 51 trauma survivors underwent a FALT, 
comprised of acquisition, extinction, and extinction recall phases during functional 
magnetic resonance imaging (fMRI). Symptoms were assessed with the PTSD Check List 
(PCL), Acute Stress Disorder Questionnaire (ASDQ), Pain Anxiety Symptom Scale 
(PASS20), Pain Catastrophizing Scale (PCS), and the National Pain Score (NPS). 
 
Contrast between conditioned stimuli that were (CS+) or were not (CS-) paired with 
an aversive stimulus revealed activations in the medial-prefrontal (mPFC)/dorsal anterior 
cingulate (dACC), right insula, and right dorsolateral prefrontal cortices (dlPFC) during 
	 vii	
acquisition; bilateral sensorimotor, right dlPFC and superior lateral-occipital/superior 
parietal cortices during extinction; left insular and right lateral occipital cortices during 
recall. Negative correlations were significant between mPFC/dACC activation during 
acquisition and both PASS20 and PCS scores.  
 
The results suggest emotion regulatory regions are associated with pain stress 
symptoms within weeks following trauma. These deficits may contribute to development 
of symptoms of both PTSD and chronic pain. Further studies will examine the relationships 
between FALT activations and other symptoms. 
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INTRODUCTION 
Each year, millions of Americans experience traumatic events (CDC, 2016). While 
the majority are fortunate to recover without any lasting mental symptoms, many will 
develop mental disorders directly related to the traumatic event (Yehuda et al., 1998), 
(Mayou et al., 1997). Post-Traumatic Stress Disorder (PTSD) exists in ~6.8% of the U.S. 
population, however, this percentage increases when looking at survivors of motor vehicle 
collision, crimes, combat, and abuse (CDC, 2016), (Lowe et al., 2014).  
 PTSD is a debilitating disease which often has severe and prolonged symptoms 
(Kessler et al., 2005), including a pervasive sense of impending danger, fearfulness, and 
heightened arousal, in the absence of any actual threat (Pole, 2007). Chronic PTSD is often 
accompanied with disabling anxiety and can lead to numerous other psychological and 
physiological disorders (Andersen et al., 2014;)Kenardy et al., 2015;)Kessler, 2000). 
Chronic pain symptoms are also commonly reported in injured trauma survivors (McLean 
et al., 2005), with about 12% of those who have experienced traumatic event developing 
chronic pain (Jones et al., 2011). Chronic pain and PTSD are commonly comorbid in 
injured trauma survivors (Otis et al., 2003). Avoidance symptoms can be found in both 
disorders, and may both associate with deficits in arising from fear associated learning 
(Asmundson & Katz, 2009). However, the exact mechanisms of development of both 
disorders remain unclear.  
 PTSD symptoms, such as intrusive thoughts, avoidance of reminders of the 
traumatic event, anxiety/hyperarousal, difficulty with basic tasks, and a foggy, dazed, or 
detached demeanor commonly occur within hours to days after trauma (Bryant, 2011). In 
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the previous DSM-IV, Acute stress disorder (ASD) was introduced as a new diagnosis to 
describe reactions following traumatic experience (APA, 1994). An increasing number of 
studies suggest that serious acute post-traumatic stress symptoms are associated with 
increased risk for PTSD development at months or years after trauma (Chossegros et al., 
2011). Identifying these early symptoms may create a pathway to healthcare shortly after 
trauma and identify patients with increased likelihood of developing chronic symptoms, 
specifically those at risk of PTSD (Bryant, 2006). 
Individuals who meet all criteria of an ASD diagnosis are much more likely to 
develop chronic PTSD (Bryant, 2011). However, only a subset of ASD symptoms were 
closely related to the development of chronic PTSD (Bryant et al., 2008). Furthermore, 
some patients who do not meet criteria for ASD diagnosis can later meet criteria for PTSD 
diagnosis (Harvey & Bryant, 1998). Acute stress symptoms following traumatic events 
have also been observed to be associated with an increased risk of persistent pain 
(Kongsted et al., 2008). 
 Acute pain severity following a traumatic event is associated with the development 
of chronic pain and PTSD (Young Casey et al., 2008). Studies have found that even brief 
intervals of acute pain can induce long-term neuronal remodeling and sensitization, in 
addition to chronic pain and lasting psychological distress (Merskey & Bogduk (Eds), 
1994). 
  
Underlying Mechanism 
 Recent studies have found that patients diagnosed with PTSD have negatively 
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biased emotional processing and poor emotion regulation (CLOITRE et al., 2005). This 
suggests that the mechanism involved in the development of PTSD affects brain regions 
associated with emotion processing and regulation (Patel et al., 2012). These symptoms 
will often manifest during fear-associated learning activities as an inability to extinguish 
trauma-related fearful memories and to down-regulate fear (Sartory et al., 2013). 
Specifically, these deficits have been linked to a reduced activation of the hippocampus 
(HC) and emotion regulatory regions in the dorsolateral and medial prefrontal cortex 
(dlPFC and mPFC), in addition to over activation in the amygdala and inferior colliculus 
(Fonzo et al., 2016). Recent evidence also shows a reduction in gray matter volume, 
density, and thickness in the HC, pre-frontal cortex (PFC), and anterior cingulate cortex 
(ACC), which are associated with attention and decision-making (Li et al., 2014). 
 Studies that analyzed veterans with diagnosed PTSD suggest that risk factors for 
the development of chronic PTSD predispose those with lower HC volume and increased 
ACC activity to an increased likelihood of PTSD development after trauma (Cwik et al., 
2014). Furthermore, a study by Li et al. (2016) followed patients diagnosed with PTSD 
after a traumatic natural disaster and compared them to subjects who were exposed to the 
same natural disaster. After studying the survivors brains, they found that PTSD patients, 
relative to the similarly stressed controls, experienced alterations in the white matter 
surrounding the dlPFC following the traumatic event (Li et al., 2016). This suggests that 
PTSD patients have altered brain pathophysiology in response to the same stimuli.  
 Brain activations that are associated with chronic pain include the mPFC, with less 
activity seen in the amygdala and ventral striatum; while during increasing pain 
	 4	
stimulation, the insula and ACC were activated (Apkarian et al., 2009). Evidence also 
suggests that patients with chronic pain may have anatomical alterations, such as a loss of 
grey matter, within the mPFC, ACC, and insula (Schmidt-Wilcke et al., 2006). 
Additionally, several regions have shown an altered pain response in PTSD patients, most 
notably, the amygdala, insula, and PFC (Geuze et al., 2007), which suggests that fear 
learning emotional circuitry plays a role in both chronic pain and PTSD. 
 
The Post-Trauma Period 
Much of what we understand about chronic mental conditions has been based on 
studies that compare behavior and brain structure and function of patients with a confirmed 
diagnosis of the chronic disorder to those without the symptoms. Although these studies 
provide valuable information into treatment options, the pathogenesis of chronic 
symptomology remains not well understood. Studies have already confirmed that changes 
in white and gray matter do occur in patients with acute and chronic symptoms (Sekiguchi 
et al., 2013). However, it is still unknown whether the functional changes found in 
survivors of trauma are associated with the traumatic event, or rather underlying 
maladaptive risk factors that predispose individuals to develop acute and chronic 
symptoms, such as those of PTSD and chronic pain. 
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SPECIFIC AIMS 
 
 Studies have tied traumatic experiences with changes in brain matter early on in the 
post-trauma period. Additionally, some studies have linked post-trauma symptoms to long-
term prognosis and future development of chronic symptoms. However, the association of 
fear associated learning brain activation in post-trauma survivors and their acute symptoms 
has potential to elucidate how underlying mechanisms effect symptomology. 
 This study aims to find links between fear associated learning task brain activations 
in emotion neurocircuitry and severities of traumatic stress symptoms or emotional and 
physical pain symptoms at 2 weeks after a traumatic experience. Significant clusters of 
brain activation will be determined from the learning task and a regression analysis will 
link any significant correlations to symptom severity scores. 
We hypothesize that fear associated learning involves brain activations in the 
hippocampus, insular cortex, and other emotion processing regions as well as activations 
in prefrontal emotion regulatory regions; and both acute post-traumatic stress and acute 
pain symptom severities are positively associated with FALT activation of emotion 
processing brain regions, while negatively associated with activation of emotion regulatory 
regions. Early traumatic stress symptoms and early pain symptoms may correlate with 
some common FALT activation.    
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METHODS 
 
Study Population and Eligibility 
 Subjects were recruited from the surrounding Toledo Lucas County hospitals, 
including University of Toledo Medical Center (UTMC) and ProMedica Toledo Hospital 
(PTH), following a motor vehicle accident. Both hospitals are Level-I Trauma centers, 
which treat patients of northwest Ohio, southern Michigan, and surrounding areas. This 
study was approved by the University of Toledo Institutional Review Board (IRB protocol 
approval #201575) and was designed to study the effect of traumatic events on otherwise 
healthy subjects.  
  Adult (18-55 years old) trauma survivors, both female and male, and of various 
ethnic and racial groups were recruited from the emergency departments (EDs). 
Experiences of trauma included motor vehicle accident, personal attack, or other disasters. 
If selected, potential subjects were contacted within 24 hours following their admission 
into the ED and asked to participate in the study. Upon agreement, potential subjects 
completed a brief pre-consent survey of their recent traumatic experience. The survey 
included the Brief Trauma Questionnaire (BTQ), which evaluates the patients perspective 
of the traumatic event with regard to PTSD diagnosis criteria (Davydow et al., 2014), PTSD 
checklist for DSM-5 (PCL), which assesses symptoms of acute stress (Julian, 2011), and 
the national pain score (NPS), which quantifies potential for acute pain. 
 In order for potential subjects to be eligible for the study, they had to meet the 
following criteria: 1.) experience or be exposed to death (of another) or threatened death, 
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life-threatening injury, physical or sexual violation, or learn of death or life-threatening 
injury of a close relative or friend during a current traumatic experience; 2.) indicate a high 
level of acute stress, as observed by a PCL score of 28 or greater; 3.) accident patients must 
experience significant pain, as designated by a NPS score of 6 or greater. Potential subjects 
who did not meet these criteria were not included in the study. In addition, potential 
subjects who met any of the exclusion criteria: 1.) presence of a major injury, or other 
factors which would prevent the subject from undergoing MRI in following days; 2.) brain 
injury, as indicated by the American Congress of Rehabilitation Medicine (ACRM) 
(Bryant et al., 2000); 3.) medical history carrying an impact on general health; 4.) history 
of PTSD; and/or 5.) influenced by recreational drugs or alcohol during traumatic event.  
 Following completion of the pre-consent survey, subjects who met all criteria were 
scheduled for two appointments on two consecutive days to undergo an MRI screening at 
UTMC within 14 days following trauma, while those who did not meet criteria or were 
excluded, had their pre-consent survey destroyed along with any records collected 
pertaining to their traumatic event. During the first appointment, subjects were asked to 
complete additional questionnaires, including The Pain Catastrophizing Scale (PCS) 
(Sullivan et al., 1995), which measures negative cognitive affective response to anticipated 
pain, the Pain Anxiety Symptoms Scale (PASS), which measures fear and anxiety 
responses specific to pain (McCracken & Dhingra, 2002), and the Acute Stress Disorder 
Questionnaire (ASDQ), which measures symptoms associated with ASD. Additionally, at 
their first appointment, patients underwent a structured clinical interview by a mental 
health professional. The interviewer observed strategies from the Mini International 
	 8	
Neuropsychiatric Interview for psychiatric conditions (Sheehan et al., 1998) and the Ohio 
State University Traumatic Brain Injury (TBI) Identification Method for any insight into 
prior TBI (Bogner & Corrigan, 2009). 
 
Fear Conditioning, Extinction, and Testing Procedures 
A 3 Tesla MRI scanner (General Electric, Milwaukee, WI) was used to scan 
subjects at the UTMC radiology department on both days. Functional MRI (fMRI) 
activation was used to determine brain activation during a Fear-Associated Learning Task 
(FALT), which is associated with processing, memory, and regulation of negative emotions 
(Bogner & Corrigan, 2009). 
 
 
Figure 1. Schematic of Experimental Design of Fear-Associated Learning 
Task. Each panel represents the visual contexts used in the experiment. Pictures 
of an office and a library room represent conditioning and extinction contexts. 
The pink light represents the conditioned stimulus (CS+) that was paired with a 
loud white noise. During extinction phase, the CS+ is no longer paired with the 
white noise. During recall, neither color is paired with the white noise. 
Modification of Garfinkel et al., 2014 J Neuroscience 
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The FALT procedure involves three phases: acquisition, extinction, and extinction 
recall (Figure 1). Acquisition and extinction phases are conducted on the first day, while 
extinction takes place on the second. Both scans on separate days are administered at the 
same time of day to reduce any circadian rhythm brain variations. The task, while 
administered during fMRI, provides insight into specific structural and functional 
alterations that are linked to PTSD (Milad et al., 2009).  
Throughout each phase of FALT, the subject is presented with multiple trials, 
displaying either a library setting or office setting. The library setting is displayed during 
acquisition phases in which the subject experiences an uncomfortable stimulus, 
representing a “dangerous” context. The office setting is displayed during phases without 
uncomfortable stimuli and represents a “safe” context. Both locations are chosen due to 
their neutrality and low likelihood of having prior associations. During the acquisition 
phase, the subject is presented 12 trials which last for 6 seconds each. Each trial shows the 
‘dangerous’ background, the library, with a light fixture emitting a light that is either blue 
or pink. When shown a pink light, the conditioned stimulus (CS+), an extremely loud (100 
dB), uncomfortable white noise is played through the subjects’ headphones for 500 
milliseconds, which acts as an unconditioned stimulus (US); in the other case, a blue light 
(CS-) is shown in the same setting in the absence of any loud noise. During the extinction 
phase, both CS (pink and blue lights) are displayed in a different setting, the office (safe). 
In an attempt to extinguish any learned associations (CS+E), the US is not played in this 
phase during either CS+ or CS-. During the recall phase, the office setting with both pink 
and blue lights is displayed again to understand the effect of the attempted extinction phase. 
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Brain activations obtained by fMRI during the conditioned stimulus, which either 
have (CS+), or do not have (CS-) the US paired, can be contrasted against each other to 
filter out activation associated with fear learning, fear extinction, and retention of 
extinguished fear. Each activation throughout the duration of the fMRI scan will be linked 
to a general linear model (GLM) for each individual. The GLM has the exact sequence of 
images that appear on the screen the patient sees and associates each fMRI scan to a specific 
time point during the time series. The GLM allows for each subject to be superimposed 
while ensuring that the activations obtained by fMRI occur during the same image for each 
subject.  
 
Psychophysiological Measures 
The skin conductance response (SCR) is recorded for each trial. For each specific 
trial, the SCR is calculated by subtracting the mean SCR activation during the time prior 
to displaying the context image from the peak SCR activation in the following exposure to 
the context image, including either light displays. SCR data will not be presented here. 
 
Image Acquisition 
FALT data were acquired during fMRI of blood oxygenation level dependent 
(BOLD) contrast signal changes using a T2*-weighed, echo planar imaging (EPI) pulse 
sequence, with single-phase gradient echo and a repetition time (TR) of 2-s, an echo time 
(TE) of 30-ms, a flip angle (FA) of 90°, a field of view (FOV) of 22-mm, a matrix (M) of 
64, a slice thickness (ST) of 3.5-mm and no gap, and the number of axial slices was 34. 
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Functional MRI Data Analysis 
The data are preprocessed, first- and second-level modeled and analyzed with 
FEAT, a part of FMRIB Software Library (FSL) (Oxford University Innovation, Oxford, 
UK) (Van Der Walt et al., 2014). Images of each functional run were slice-timing corrected 
and realigned to the first image of the of the batch. This ensures any subject movement will 
not alter the BOLD signal on a normalized model of the brain.  
Significant clusters (P < 0.05) were determined after second level group analysis. 
Functional regions of interest (ROIs) extraction was conducted on the significant clusters 
to verify the BOLD signal activation. Beta values were extracted to generate plots of the 
average activation within each contrast to understand the means of the significant clusters. 
 
Correlation Analysis 
 Completed subject questionnaires were documented and summarized into 
electronic storage. After significant brain cluster analysis, each significant cluster that was 
obtained was screened for correlations with the questionnaires administered. Age and 
gender of subjects were incorporated to act as a control against any associations between 
brain activations and aging or gender differences. 
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RESULTS 
 
Study Population Demographics 
The 51 survivors who had experienced a traumatic event and were eligible for study 
participation consisted of 32 females and 19 males. Motor vehicle accident was the largest 
cause of trauma with 29 subjects, followed by assault with 18, sexual assault with 1, and 
other possible causes of trauma constituted 3 subjects (Table 1). The average age of our 
subjects was 33 (Table 1). 
 Table 1: Descriptive Statistics for the Study Population.  
Demographic measures 
Age 33 (±9.95) 
Gender  
 Female 32 
 Male 19 
Type of trauma (number of subjects)  
 Motor vehicle accident 29 
 Assault 18 
 Sexual assault 1 
 Otherwise life threatening situation 3 
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 Table 2: Significant Clusters During Fear-Associated Learning Task. Clusters of brain activation (+ sign) 
and deactivations (- sign) during each phase of the Fear-Associated Learning Task (FALT) for assessing fear-
associated learning; threshold for peak voxel P < 0.05, Z = 1.96. The number of voxels in each respective 
cluster determines the size of the significant cluster. 
 Area of activation MNI coordinates Number 
of voxels 
Z-score P-value 
 x y z 
 Fear conditioning acquisition phase  
Contrast: CS+ vs. CS- 
      
 superior frontal gyrus, paracingulate 
__gyrus (+) 
0 28 52 1421 4.5 3.6 × 10-7 
 right frontal pole (+) 22 58 18 440 4.28 3.5 × 10-3 
 right orbitofrontal, temporal pole, 
__insular cortex (+) 
42 20 -14 272 4.2 3.0 × 10-2 
 Extinction learning phase  
Contrast: CS+E vs. CS- 
      
 right lateral occipital cortex, superior 
__division, superior parietal lobule (+) 
20 -64 58 419 4.36 3.2 × 10-3 
 left precentral/postcentral gyrus (+) -44 -12 54 312 4.08 1.3 × 10-2 
 right frontal pole, middle frontal  
__gyrus (+) 
40 38 24 232 4.23 4.1 × 10-2 
 right middle frontal/precentral gyrus (+) 40 6 50 230 3.88 4.3 × 10-2 
 Extinction recall phase 
Contrast: CS+E vs. CS+U 
      
 left frontal orbital/insular cortex (+) -32 20 -12 422 4.05 2.9 × 10-2 
 right lateral occipital cortex (+) 46 -78 0 1248 4.61 1.4 × 10-4 
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Brain Correlates during Fear Conditioning 
Table 2 presents each of the clusters that showed activations or deactivation which 
also met the criteria to be marked significant during each of the three phases. All significant 
clusters were extracted from the entire subject pool, irrespective of the type of trauma that 
occurred.  
During fear conditioning, there were three clusters which survived significance 
selection. Regions of the superior frontal and paracingulate gyrus in the CS+ relative to the 
CS- were significantly active, this was the largest cluster our analysis uncovered (Figure 
2a). Analysis of the corresponding beta values confirmed an increased CS+ activation. The 
right frontal pole also showed significant activation when contrast against the CS- during 
CS+ (Figure 2b). Additionally, the right orbitofrontal, temporal pole, and insular cortex 
regions had a cluster that was significantly active during CS+ relative to CS- (Figure 2c). 
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 a	
Figure 2. Functional Activation During Fear Conditioning. This contrast (CS+ 
vs. CS-) yielded significant activation in the superior frontal gyrus and 
paracingulate gyrus (a), the right frontal pole (b), and the right orbitofrontal, 
temporal pole, and insular cortex (c). Areas of orange indicate higher areas of 
activation, z-sore represents the amount of activation away from the mean, and 
numbers following x, y, and z refer to Montreal Neurological Institute and Hospital 
(MNI) Coordinate System coordinates. 
b	 c	
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Brain Correlates during Extinction Learning 
 During extinction learning, there were four clusters which survived significance 
selection. Regions in the right lateral occipital cortex, superior division, and superior 
parietal lobule were significantly more active when CS+E was contrast against CS- (Figure 
3a). Regions within the left precentral and postcentral gyrus were more in CS+E (Figure 
3b). Likewise, a cluster of regions located in the right frontal pole and middle frontal gyrus 
had increased activity during CS+E (Figure 3c). Additionally, a cluster of regions within 
the right middle frontal gyrus and precentral gyrus experienced increased activation during 
CS+E when compared to CS- (Figure 3d). 
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Figure 3. Functional Activation During Fear Extinction. This contrast (CS+E 
vs. CS-) yielded significant activation as a cluster in the regions of right lateral 
occipital cortex, superior division, and superior parietal lobule (a), the left 
precentral gyrus and postcentral gyrus (b), the frontal pole and middle frontal 
gyrus (c), and the right middle frontal gyrus, and precentral gyrus (d). Areas of 
orange indicate higher areas of activation, z-sore represents the amount of 
activation away from the mean, and numbers following x, y, and z refer to 
Montreal Neurological Institute and Hospital (MNI) Coordinate System 
coordinates. 
a	 b	
c	 c	
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Brain Correlates during Extinction Recall 
During extinction recall phase, there were two clusters which survived significance 
selection. Regions in the left frontal orbital and insular cortex experienced and increase in 
activation during CS+E when contrasted against CS+U (Figure 4, Cluster 1). Likewise, a 
cluster located within the right lateral occipital cortex was found to have increased 
activation during CS+E when contrasted against CS+U (Figure 4, Cluster 2). 
 
Figure 4. Functional Activation During Extinction Recall. This contrast 
(CS+E vs. CS+U) yielded significant activation as a cluster in the regions of 
left frontal orbital and insular cortex (Cluster 1), and the right lateral occipital 
cortex (Cluster 2). Areas of orange indicate higher areas of activation, z-sore 
represents the amount of activation away from the mean, and numbers 
following x, y, and z refer to Montreal Neurological Institute and Hospital 
(MNI) Coordinate System coordinates. 
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Significantly Active Brain Clusters and Symptom Severity Correlates 
 Each brain cluster identified as significant (Table 2) during FALT was analyzed for 
correlations to symptom severity scores as reported by subjects (Table 3). Figure 5 depicts 
each of the significant associations of symptom severity scores with activation during 
FALT. During the fear learning phase, analysis revealed regions of right orbitofrontal, 
temporal pole, and insular cortex had significant negative correlations (r-value: -0.293, p-
value: 0.046; r-value: -0.324, p-value: 0.036) with the PCL and ASDQ symptom severity 
scores (Figure 6a/b). When adjusted for age and gender, only the ASDQ correlation 
remained significant. Furthermore, negative correlations (r-value: -0.310, p-value: 0.030; 
r-value: -0.310, p-value: 0.015) between a cluster in the superior frontal/paracingulate 
gyrus regions and PASS20/PCS symptom severities scores (Figure 6c/d). Both correlations 
survived when adjusting for age and gender within all subjects. During the fear extinction 
phase, regions in the right lateral occipital cortex, superior division, and superior parietal 
lobule was significantly negatively correlated (r-value: -0.361; p-value: 0.022) with the 
NPS symptom severity. This correlation did not survive when adjusted for age and gender 
of the subjects, and thus was excluded from further consideration. During extinction recall 
phase, the right lateral occipital cortex was significantly negatively correlated (r-value: -
0.349, p-value: 0.019) with the PCL questionnaire. This correlation survived after adjusting 
for age and gender of the control. Additionally, the right lateral occipital cortex was found 
to be positively correlated (r-value: 0.324, p-value: 0.036) with the pain questionnaire, 
however was not observed in the uncontrolled analysis. 
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Table 3: Correlative Analysis Between Significant Clusters and Questionnaires. Significant clusters of brain activation and respective correlation analysis 
for each questionnaire administered to subjects. Top number represents correlation (r-value), bottom number represents significant of the correlation (p-value) 
Phase Cluster Measure 
Questionnaire 
no control Subject Age / Gender Controlled 
PCL ASDQ PASS20 PCS NPS PCL ASDQ PASS20 PCS NPS 
Fear 
Learning 
superior frontal gyrus, 
_paracingulate gyrus (+) 
correlation   -0.310 -0.340    -0.294 -0.324  
significance   0.030 0.015    0.045 0.023  
right frontal pole (+) (r-value) no results to report (p-value)           
right orbitofrontal, 
_temporal pole, insular 
_cortex (+) 
 -0.293 -0.324     -0.361    
 0.046 0.036     0.022    
Fear 
Extinction 
right lateral occipital 
_cortex, superior division, 
_superior parietal lobule 
_(+) 
     -0.326      
     0.031      
left precentral/postcentral 
_gyrus (+)  no results to report 
right frontal pole, middle 
_frontal gyrus (+) 
 no results to report 
 
right middle 
_frontal/precentral gyrus 
_(+) 
 no results to report 
Extinction 
Recall 
left frontal orbital/insular 
_cortex (+) 
 no results to report 
           
right lateral occipital 
_cortex (+) 
 -0.349     -0.315    0.324 
 0.019     0.040    0.036 
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Figure 5. Regression Analysis of Subject 
Symptom Severity and Relative Activations. 
Each graph represents a significant cluster that 
was associated with symptom severity scores. 
Activation of the right orbitofrontal, temporal 
pole, and insular cortex cluster during fear 
learning associated with ASDQ score (a) and 
Acute PCL score (b). Activation of the superior 
frontal gyrus and paracingulate gyrus during fear 
learning associated with PCS score (c) and 
PASS20 score (d). Activation of the right lateral 
occipital cortex cluster during extinction recall 
associated with Acute PCL score (e). 
r	=	-0.324	
p	=	0.036	
r	=	-0.293	
p	=	0.046	
r	=	-0.340	
p	=	0.015	
r	=	-0.310	
p	=	0.030	
r	=	-0.349	
p	=	0.019	
a	 b	
c	 d	 e	
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DISCUSSION 
 
 The brain activation associated with early symptoms after acute traumatic 
experiences has rarely been studied. In this early post-trauma study, we identified 
activations in the frontal pole, superior frontal gyrus, paracingulate gyrus, orbitofrontal, 
temporal pole, and insular cortex associated with fear learning; lateral occipital cortex, 
superior parietal lobule, precentral/postcentral gyrus, frontal pole, and frontal gyrus 
associated with extinction in a safe environment; and frontal orbital, insular cortex, and 
lateral occipital associated with recall of the extinguished stimulus. The activation in 
regions of the right orbitofrontal, temporal pole, and insular cortex were negatively 
correlated with ASDQ and acute PCL scores. Likewise, regions in the superior frontal 
gyrus and paracingulate gyrus were negatively correlated with PCS and PASS20 scores. 
Activation of the lateral occipital cortex was negatively correlated with the acute PCL 
score. 
 
Fear-Associated Learning Task Activation in Early Post-Trauma Days 
 Participants showed activations during acquisition phase when exposed to the CS+ 
and contrasted against CS- in regions of the superior frontal gyrus, right frontal pole, right 
orbitofrontal, temporal pole, and insular cortex. These results are consistent with studies 
that show parts of the prefrontal cortex are activated during anticipation of aversive stimuli 
(Porro et al., 2002). In addition, studies have shown that heightened medial prefrontal 
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cortex activity is implicated in chronic pain, regardless of the reason for the chronic pain 
(Baliki et al., 2006).   
 Results show that participants had activations during extinction phase in regions of 
the middle frontal gyrus, right frontal pole, right middle frontal/precentral gyrus, left 
precentral/postcentral gyrus, right lateral occipital cortex, and superior parietal cortex. 
Greater activation in the middle frontal gyrus seem to be in line with previous findings of 
hypoactivity in this region being present PTSD subjects (Bush et al., 2002). The middle 
frontal gyrus is known to inhibit fear responses by exerting top-down control over the 
amygdala (Rosenkranz & Grace, 2002), thereby decreased activity in subjects would 
present in unsuppressed fear emotions.  
 During extinction recall, patients showed greater activation of CS+E in the left 
orbitofrontal pole, insular cortex, and right lateral occipital cortex. Activation of the left 
orbitofrontal pole is consistent with past studies that implicate deficits in this region with 
PTSD patients (Milad et al., 2009). Insula activation in PTSD patients has been shown to 
correlate with the intensity of reoccurring flashbacks (Osuch et al., 2001). In chronic pain 
patients, insula activation was able to predict the duration of pain in years with 80% 
confidence (Apkarian et al., 2009). In the present results, insula activation is seen higher 
when subjects are presented with the extinguished stimulus. 
 We did not find significant activation in the hippocampus or amygdala during any 
of the phases, which others studies have shown to be important components of processing 
contexts and fear regulation (Sotres-Bayon et al., 2012). A future study involving a larger 
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sample size could help expose additional neurocircutry involving hippocampus and 
amygdala activation. 
 
Fear-Associated Learning Task Associated with Acute Symptom Severity Scores 
 The present results of the study, which suggest a decreased activation of the mPFC 
with increased symptom severity scores, ASDQ, PCL-5, PCS, and PASS20, replicate 
reported associations in the mPFC as being implicated in fear learning tasks (Myers & 
Davis, 2007). However, previous reports implicate activation deficits of the mPFC during 
retention and/or expression of fear extinction, whereas the present results suggest 
impairment of mPFC during fear acquisition phases with increased symptom severity. 
Thus, this data presents a possible additional role of the mPFC in acquiring fear-
associations by linking those with increased symptom severity to a deficit in mPFC 
activation.  
 Regions within the ACC were found to have decreased activation in association 
with increased PCS and PASS20 symptom severity. These results are consistent with 
previous findings that implicate a reduction in activity of ACC during fear conditioning. 
As the current and previous results suggest, a reduction in activation of ACC may indicate 
impairment in emotion-regulation and fear-extinction (Etkin & Wager, 2007). 
 Associations between clusters in the insular cortex and symptom severity scores are 
consistent with finding that implicate alterations in activity in this region with increased 
anxiety (Chua et al., 1999) and decreased affect symptoms (Rauch et al., 1997). These 
findings suggest, as do previous, that an anticipatory anxiety may be induced by the 
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expectancy of the uncomfortable loud noise. However, the present data implicate an 
increase in patient symptom severity as being associated with a decrease in the activation 
of the insular cortex. This suggests a mechanism that downregulates insula activity with 
increased survivor stress, as indicated by a negative correlation with both ASDQ and PCL 
scores.  
 Activation of the right lateral occipital cortex may be driven by simple sensory 
processing. Despite experimental balancing for the content of images, these activations 
may be attributed to the complexity of image processing and/or arousal.  
 
Overlaps of Correlations Between Acute Pain and Acute Post-Traumatic Stress 
 During fear learning phase, a prefrontal region was correlated with PCL and ASDQ, 
which suggests this regions’ involvement in regulation of fear learning and its link to 
symptoms of ASD and PTSD. While a region in the ACC was correlated with PASS20 and 
PCS, this overlap suggests a link to pain and anxiety, or ultimately to the development of 
chronic pain. However, no region showed direct correlations with assessments of outright 
early traumatic stress and pain symptoms. A possible explication for the lack of overlap 
between the two symptomologies could be due to separate initial pathology, which will 
ultimately converge to give rise to similar neurocircuitry in fear associated learning, as 
previously reported (Geuze et al., 2007). Further analysis and increased number of subjects 
could help elucidate true correlations. 
 In conclusion, our results suggest evidence that acute pain and stress symptoms do 
in fact alter brain activations, predominantly in the mPFC, ACC, and insula regions. 
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Additionally, they support the idea that different brain regions are activated depending on 
the type of increased symptom severity, as mentioned about the prefrontal and ACC 
regions. Although our results are limited by the lack of significant activations observed 
during fear extinction and extinction recall phases. Additional studies could benefit from 
gathering a larger sample size to increase power and refine activations. 
  
Limitations of The Correlational Data 
Survivors were asked to self-report on questionnaires, each questionnaire packet 
contains dozens of pages of self-evaluative questions. Due to such a large quantity of 
questions, subjects are at an increased risk of recording falsely or inaccurately. Although 
many of the questionnaires incorporate an error margin, this only accounts for 
administration of individual questionnaires, while our subjects were asked to fill out 
numerous self-evaluative questionnaires. Furthermore, introspection is likely to decrease 
with vast amounts of questions, leading to answers that may have overlooked previous 
moods, thoughts, or actions. 
 
Limitations of Fear-Associated Learning Task 
Although the loud aversive noise used in our current task is notably uncomfortable 
for subjects, previous studies, as well as potential future studies utilize an electric shock as 
the aversive stimuli. Although electric shock also has its limitations, the use of an auditory 
stimulus may isolate cognition patters that are primarily associated with temporal 
stimulation. While the use of electric shock may associate cognitive processes linked to 
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nociception, perhaps a combination of the two stimuli could replicate fear-associated 
learning to a better degree. My suggestion is not to increase harm to subjects, but perhaps 
incorporate an immersive aversive stimulus, such as electrical shock, which has access to 
more neurological processing inlets.  
 
Implications for Future Research 
 This study focused on a correlation analysis of FALT and several self-administered 
questionnaires which report survivor symptom severity. Future studies could look into 
alternative symptom severity reports, such as childhood trauma, childhood abuse, or past 
substance abuse, and draw associations with FALT brain activations to help further 
understand the role of past experiences, in addition to those of acute post-trauma. 
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